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Abstract
In economic terms, the main limiting factors in harvester application in thinning operations 
are the stand age and thinning intensity with respect to tree size. Furthermore, harvested mean 
tree size depends on initial stand density but also on the number of trees cut per hectare. The 
objective of the research was to estimate the impact of:
Þ stand age (class),
Þ increasing stand density in each age class (AC),
Þ increasing number of trees for harvesting in each AC,
Þ thinning intensity, 
on harvester productivity. 17, 19 and 20 sample plots were established within 3rd (AC3) 4th 
(AC4) and 5th (AC5) age classes, respectively. In each AC, sample plots were selected that had 
an increasing number of trees per hectare: 563÷1603, 323÷868 and 476÷836 trees ha–1, in AC3, 
AC4 and AC5, respectively. Also, in each AC, an increasing number of trees per hectare for 
harvesting was selected: 130÷853, 80÷315 and 108÷282, in AC3, AC4 and AC5, respec-
tively, with the relevant increasing thinning intensity: 35÷84, 21÷77 and 34÷88 m3 ha–1. In 
each AC, the stands were divided according to different thinning intensity (THI): a<30, 
30≤b≤60 and c>60 m3 ha–1, respectively. A Komatsu 931.1 harvester was used for the thinning 
operation in each stand. The lowest mean productivity was observed in AC3 (18.57 m3 h–1), which 
was statistically different to AC4 and AC5 (22.24 and 22.60 m3 h–1, respectively). Within each 
AC, productivity lowered as the number of trees per hectare increased in the initial stand. The 
productivity decreased in AC3 and AC5 with the increasing number of trees for harvesting, 
which was not the case in AC4. In relation to the THIs, the lowest mean productivity was 
obtained in THIa (16.19 m3 h–1), which was statistically different to THIb and THIc (21.44 
and 21.98 m3 h–1, respectively). An increasing THI only influenced productivity positively in 
AC4 and AC5. It can be concluded that the productivity of the Komatsu 931.1 harvester in-
creased along with:
Þ older AC,
Þ decreasing number of trees in the initial stand in each AC,
Þ lowering number of trees for harvesting in AC3 and AC5,
Þ increasing THI in only AC4 and AC5.
Finally, in the present model, the larger the mean DBH of the trees for harvesting, the greater 
the productivity. However, the mean DBH has to be considered in conjunction with the num-
ber of trees for harvesting (which depends on AC and THI, as variables in the model) when 
productivity is analysed.




number	of	harvesters	 are	 in	operation.	 Since	1987,	
when	 the	first	harvester	was	 introduced	 in	Poland	
(Moskalik	2002),	their	numbers	have	grown	consider-
ably.	Between	2006	and	2008,	the	number	of	harvesters	
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1996,	 Suchomel	 et	 al.	 2012),	 thickness	 of	 branches	
(Glöde	1999)	and	criteria	for	tree	selection	for	thinning	
(Eliasson	and	Lageson	1999).	The	third	factor	influ-











































in each age class (AC),
Þ number	of	trees	for	harvesting	in	each	AC,
Þ  thinning intensity in each AC,	as	all	of	these	fac-
tors	influence	mean	DBH	of	harvested	trees.





in	 the	 same	 soil,	 site	 and	weather	 conditions.	The	
stand	compartments	were	divided	according	to	age	
class	and	the	number	of	trees	per	hectare.	56	sample	
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tions	with	 the	 same	 site	 index.	 There	were	 563	 to	









lower than in AC4	and	AC5	(22.2	and	22.0	cm,	respec-




























































































1 107f I 563 25.9 143 24.0 0.9 53 103k 323 33.1 105 29.8 0.9 51 96h 476 28.2 108 25.0 0.9 34
2 107fII 703 23.4 130 21.3 0.9 35 90d 460 27.5 98 23.6 0.9 35 127a 518 27.5 188 24.5 0.9 88
3 93c 863 19.4 273 17.1 0.9 45 80c 483 28.1 95 24.0 0.9 34 134c 534 25.5 124 21.1 0.8 37
4 31l 917 20.1 250 18.4 0.9 57 95d 513 26.4 98 23.6 0.9 34 170a 564 27.9 170 25.1 0.9 72
5 138h 957 19.5 397 17.1 0.9 62 95a 540 25.7 125 24.0 0.9 39 97b 594 25.7 186 24.6 1.0 61
6 32k 1043 19.7 367 17.8 0.9 38 116c 560 25.5 105 22.8 0.9 27 98hI 594 26.5 172 23.2 0.9 56
7 172c 1070 19.9 403 17.9 0.9 73 151a 570 24.6 153 21.9 0.9 36 99g 596 27.1 264 24.0 0.9 65
8 30i 1083 18.6 360 16.8 0.9 57 152b 593 24.7 138 22.1 0.9 38 122a 618 24.6 176 22.1 0.9 49
9 166g 1097 20.3 410 16.9 0.8 53 93g 625 23.7 185 21.2 0.9 44 13a 632 24.1 212 21.0 0.9 55
10 37aI 1123 19.6 413 16.7 0.9 60 119aI 660 21.3 195 18.3 0.9 26 73f 634 24.6 238 22.0 0.9 53
11 12a 1153 18.5 423 18.1 1.0 72 89b 663 28.9 80 21.4 0.7 21 98hII 640 25.0 154 20.5 0.8 46
12 41a 1270 19.2 567 15.4 0.8 71 153f 663 24.7 193 20.7 0.8 44 155b 644 26.4 162 23.2 0.9 57
13 80g 1270 20.4 397 19.1 0.9 84 14c 683 23.7 200 22.3 0.9 55 154a 648 25.9 200 22.3 0.9 67
14 94aI 1297 17.4 513 14.9 0.9 66 172f 695 25.6 195 23.4 0.9 65 72b 682 24.7 282 22.1 0.9 77
15 37aII 1403 18.3 490 16.6 0.9 64 84c 708 24.3 300 22.0 0.9 77 143d 708 21.8 248 19.0 0.9 59
16 40c 1603 15.4 853 16.8 1.1 62 119aII 708 20.5 200 17.4 0.8 27 5g 720 22.3 238 20.0 0.9 47
17 94aII 1603 15.4 630 13.2 0.9 55 83b 748 24.1 163 21.5 0.9 76 78l 756 21.5 252 19.6 0.9 57
18 – – – – – – – 171h 768 23.8 255 21.0 0.9 61 100f 758 23.7 172 21.1 0.9 68
19 – – – – – – – 46b 868 22.3 315 20.4 0.9 56 6fI 836 21.8 176 21.5 1.0 53
20 – – – – – – – – – – – – – – 6fII 836 23.6 156 18.8 0.8 48
Mean – 1119 19.5 413 17.5 0.9 59 – 622 25.2 168 22.2 0.9 44 – 649 24.9 194 22.0 0.9 57
Median – 1097 19.5 403 17.1 0.9 60 – 660 24.7 163 22.0 0.9 39 – 637 24.9 181 22.1 0.9 56
Min – 563 15.4 130 13.2 0.8 35 – 323 20.5 80 17.4 0.7 21 – 476 21.5 108 18.8 0.8 34
Max – 1603 25.9 853 24.0 1.1 84 – 868 33.1 315 29.8 0.9 77 – 836 28.2 282 25.1 1.0 88
Sd – 280 2.5 174 2.4 0.06 13 – 126 2.9 69 2.6 0.04 16 – 98 2.0 47 2.0 0.04 13
n – 17 17 17 17 17 17 – 19 19 19 19 19 19 – 20 20 20 20 20 20
1 thinning intensity ratio – understood us ratio of mean DBH of extracted trees to mean DBH of whole stand trees (Lagesson 1997, Mederski 2006)
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the	 studied	 characteristics.	Based	on	 the	 results	 of	
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es,	 the	 lowest	mean	productivity	was	observed	 in	
AC3	(18.57	m3 h–1),	which	was	statistically	different	










in	 the	 stands	within	 the	 lowest	THIa	 amounted	 to	
16.19	m3 h–1	and	were	statistically	different	(Tukey	test,	

























Fig. 1 Changes in productivities in numbered sample plots with 
trend lines (order of sample plots is according to increasing number 
of trees in the initial stands, as in Table 1)
Table 2 Anova Table (Type III tests)
Sum. sq. D.f. F value p-value
AC 210.6 2 8.3873 0.0009 ***
THI 218.4 2 8.6975 0.0007 ***
SHIFT 60.4 2 2.4049 0.1032
OPERATOR 7.7 1 0.6171 0.4367
AC: SHIFT 63.2 4 1.2587 0.3022
AC: OPERATOR 25.4 2 1.0101 0.3733
SHIFT: OPERATOR 18.3 2 0.7272 0.4895
RESIDUALS 502.1 40 – –
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Table 3 Tukey’s tests for mean productivities obtained within the 
analysed ACs and THIs, a=0.05; identical superscripts in column 
»groups« denote no significant difference between mean values 
(according to Tukey’s HSD test)
Mean Std. error r Min. Max. Groups
AC
3 18.57 0.9198 17 12.64 27.60 a
4 22.24 1.0960 19 12.99 32.61 b
5 22.60 0.8834 20 17.84 30.90 b
THI
a 16.19 1.1337 4 12.99 18.07 a
b 21.44 0.7398 32 12.64 32.61 b
c 21.98 1.0793 20 15.56 30.90 b
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mean 4 5 b c	–7.8920	 	1.2494	 	 		–	0.8587 	–	1.3237 	 	3.7631 	 	5.2550Y DBH d d d d= + × + +
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Fig. 2 Productivity as a function of different stand parameters (black curves represent mean values for all data)
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Table 5 Significance of estimated factors
Estimate Std. error t value Pr(>|t|)
Intercept –7.8920 2.7677 –2.851 0.0063**
DBHmean 1.2494 0.1558 8.018 0.0000***
AC4 –0.8587 1.2251 –0.701 0.4866
AC5 –1.3237 1.0956 –1.208 0.2326
THIb 3.7631 1.4920 2.522 0.0149*
























































Table 4 Correlation matrix




Mean DBH of whole 
stand trees








Number of whole stand trees 1.00 0.81 –0.70 –0.67 0.47 0.11 –0.55 –0.46
Number of harvested trees 0.81 1.00 –0.71 –0.62 0.56 0.04 –0.72 –0.36
Mean DBH of whole stand trees –0.70 –0.71 1.00 0.94 –0.21 0.46 0.83 0.64
Mean DBH of harvested trees –0.67 –0.62 0.94 1.00 –0.09 0.47 0.72 0.78
THI 0.47 0.56 –0.21 –0.09 1.00 0.50 –0.31 0.22
Harvested volume 0.11 0.04 0.46 0.47 0.50 1.00 0.41 0.37
Mean volume from one tree –0.55 –0.72 0.83 0.72 –0.31 0.41 1.00 0.35
Productivity –0.46 –0.36 0.64 0.78 0.22 0.37 0.35 1.00
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This	was	rather	at	 the	 low	end	of	potential	 tree	
sizes	to	be	harvested.	As	presented	in	studies	by	Spi-
nelli	et	al.	(2010)	and	Visser	and	Spinelli	(2012),	using	










mean 4 5 b c	8.607	 	6.990	 	 	 	3.901 	2.891 	 	7.720 	 	9.401Y V d d d d= + × + + + +














harvesting	together	with	high	mean	DBH that have a 
positive	impact	on	productivity.	Fig.	2d	shows	that	it	














Þ  lowering	number	of	trees	for	harvesting	in	AC3 
and	AC5,
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